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(54) Optical waveguide probe and optical system 

(57) An optical waveguide probe was formed in 
which a planar optical waveguide was formed, its tip 
was sharpened, and a piezoelectric detection mecha- 
nism was provided. A sample-side optical waveguide 
end face is flush with an end face of a substrate portion 
or projects from the end face of a substrate portion. An 
optical system for observing a topography of a sub- 
stance by utilizing interatomic force and applying light to 
or detecting light from the substance has the optical 
waveguide probe. Application in near field optical micro- 
scopy. 
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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to a scanning near- s 
field interatomic force microscope for observing the 
topography of a substance to be measured by utilizing 
interatomic force which acts between substances and, 
at the same time, observing optical characteristics in a 
minute region of the substance to be measured with a 
probe that is made of a light propagation material. The 
invention also relates to an optical system for optical 
writing to and reading from an optical recording medium 
in a near field. 

In conventional scanning near-field microscopes, 
an optical fiber is used as an optical waveguide probe 
by process-ing, i.e., sharpening its tip. Although this 
near-field optical effect can be utilized for not only scan- 
ning near-field microscopes but also high-density 
recording apparatuses, the method of processing an 
optical fiber probe is disadvantageous in productivity. 

To solve this problem, Fujihira et al. (Japanese 
Unexamined Patent Publication No. Hei. 5-099641), J.R 
Fillard et al. (WO 95/03561). and C.F. Quate et al. (US 
5,354,985) disclosed inventions relating to interatomic- 
force-controlled waveguide probes using a thin-film 
process. In each of these inventions, a waveguide is 
formed from on a substrate to be parallel with a sample 
surface to the tip of a probe that is formed on the sub- 
strate in the form of a protrusion. 

A waveguide probe having this type of structure has 
a problem that it is difficult to keep the waveguide char- 
acteristic of the waveguide, i.e., the efficiency high 
because the waveguide is bent three-dim ensionally. 
Further, in a case that an optical detection method is 
used for positional control of an optical waveguide 
probe, an optical system of the detection method pro- 
duces disturbance light for light that is detected as near 
field light. And the system needs optical axis alignment 
for the positional control. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to realize a 
waveguide probe being bent three-dimensionally and 
having high efficiency. 

It is another object of the present invention to real- 
ize an optical system in which position of an optical 
waveguide probe is controlled easy without using detec- 
tion light for position detection. 

In order to realize the present invention, an optical 
waveguide probe has a substrate portion and an optical 
waveguide portion having an apparatus-side optical 
waveguide end face and a sample-side optical 
waveguide end face, for applying light to or detecting 
light from a sample or medium in close proximity, 
wherein 

(1) the optical waveguide portion is formed on the 


substrate portion so as to assume a substantially 
planar form, 

(2) the sample-side optical waveguide end face is 
flush with an end face of the substrate or projects 
therefrom so as to allow the substrate to be ori- 
ented perpendicularly to the sample or medium, 
and 

(3) an optical waveguide near the sample-side opti- 
cal waveguide end face portion is sharpened with 
the end face portion as a tip. Further, the substrate 
portion is so configured as to have an elastic func- 
tion, which allows the sample-side optical 
waveguide end face to vibrate laterally with or per- 
pendicularly to a sample surface. There is provided 
a piezoelectric material capabe of electrically 
detecting strain in an elastic portion of the substrate 
portion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 schematically shows an optical waveguide 

probe according to the present invention; 

Fig. 2 illustrates oscillation modes of the optical 

waveguide probe of the invention; 

Fig. 3 illustrates an optical waveguide portion of the 

optical waveguide probe of the invention; 

Fig. 4 illustrates an optical waveguide portion of the 

optical waveguide probe of the invention; 

Fig. 5 shows another embodiment of the optical 

waveguide probe of the invention; 

Fig. 6 shows a further embodiment of the optical 

waveguide probe of the invention; 

Fig. 7 shows still another embodiment of the optical 

waveguide probe of the invention; 

Fig. 8 shows a method for sharpening the tip of the 

optical waveguide probe of the invention; 

Fig. 9 shows another method for sharpening the tip 

of the optical waveguide probe of the invention; 

Fig. 10 shows a configuration of an optical system 

according to the invention; and 

Fig. 1 1 shows another configuration of the optical 

system according to the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Embodiments of the present invention will be here- 
inafter described with reference to the drawings. 

Fig. 1 shows an example of an optical waveguide 
probe according to the present invention. In Fig. 1 , an 
optical waveguide probe 1 for applying or detecting light 
to or from a sample or medium near the probe 1 is com- 
posed of a substrate portion 2 and an optical waveguide 
portion that is constituted of a clad portion 4 and a core 
portion 3 having an apparatus-side optical waveguide 
end face 5 and a sample-side optical waveguide end 
face 6. The optical waveguide portion assumes a sub- 
stantially planar shape on the substrate portion 2. To 
allow the substrate 2 to be oriented perpendicularly to a 
sample or medium, the sample-side optical waveguide 
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end face 6 projects from a substrate end face 7. The tip 
of the optical waveguide, i.e., the sample-side optical 
waveguide end face portion 6 is shaped to be sharp. 

When part of the optical waveguide probe is fixed, 
the substrate portion 2 serves as a kind of cantilever 
and can be vibrated by virtue of its elastic function. Sev- 
eral oscilla- tion modes will be described with reference 
to Fig. 2. 

To begin with, in Fig. 2 (a), a substrate 2 is formed 
by etching a piezoelectric Z-cut quartz crystal substrate. 
It is possible to vibrate a lever portion 70 by applying an 
AC voltage to an electrode that is formed on the lever 
portion 70, or to electrically detect strain occurring in the 
lever portion 70 during its oscillation. In the lever portion 
70, an optical waveguide portion 8 is formed on the Z- 
surface of the quartz crystal substrate. The lever portion 
70 can vibrate in the X-axis (crystal axis of quartz) direc- 
tion, i.e., in parallel with a sample surface. 

In Fig. 2(b), a substrate 2 is formed by etching a 
piezoelectric X-plate quartz substrate. It is possible to 
vibrate a lever portion 70 by applying an AC voltage to 
an electrode that is formed on the lever portion 70, or to 
electrically detect strain occurring in the lever portion 70 
during its oscillation. In the lever portion 70, an optical 
waveguide portion 8 is formed on the X-surface of the 
quartz crystal substrate. The lever portion 70 can 
vibrate in the X-axis (crystal axis of quartz) direction, 
i.e., in parallel with a sample surface. 

In Fig. 2(c), a substrate 2 is a silicon substrate. A 
zinc oxide thin film, i.e., a piezoelectric material 9 is 
formed on the silicon substrate. It is possible to vibrate 
a lever portion 70 by applying an AC voltage to an elec- 
trode, or to electrically detect strain occurring in the 
lever portion 70 during its oscillation. The lever portion 
70 can vibrate in the thickness direction of the substrate, 
i.e., in parallel with a sample surface. Various types of 
piezoelectrics other than zinc oxide, such as PZT (lead 
zirconate trtanate), may be used as the piezoelectric 
material 9. Semiconductor substrates other than the sil- 
icon substrate, such a gallium arsenide substrate, may 
be used as the substrate. 

In Fig. 2(d), a substrate 2 is made of a dielectric 
crystal of lithium niobate. A zinc oxide thin film, i.e., a 
piezoelectric material 9 is formed on a lever portion 70 
of the substrate. It is possible to vibrate a lever portion 
70 by applying an AC voltage to an electrode, or to elec- 
trically detect strain occurring in the lever portion 70 dur- 
ing its oscillation. The lever portion 70 can vibrate in the 
thickness direction of the substrate, i.e., in parallel with 
a sample surface. Other dielectric materials such as lith- 
iumtantalate maybe used as the dielectric crystal. In the 
structure under consideration, a glass substrate may 
also be used, materials of which include quartz-type 
glass, multi-component type glass, heavy metal oxide 
glass, and chalcogenide glass. 

In Fig. 2(e), a substrate 2 is formed by etching a 
piezoelectric Z-cut quartz crystal substrate. It is possi- 
ble to vibrate a lever portion 70 by applying an AC volt- 
age to an electrode that is formed on the lever portion 


70, or to electrically detect strain occurring in the lever 
portion 70 during its oscillation. In the lever portion 70, 
an optical waveguide portion 8 is formed on the Z-sur- 
face of the quartz crystal substrate. The lever portion 70 

5 can vibrate in the X-axis (crystal axis of quartz) direc- 
tion, i.e., in perpendicular to a sample surface. Although 
in the substrate the direction of the waveguide 8 
changes by 90j> in the path from the apparatus-side 
optical waveguide end face 5 to the sample-side optical 

to waveguide end face 6, the waveguide can be bent suffi- 
ciently gently. 

In the above optical waveguide portion, the direc- 
tion may be changed by forming a grating 30 on the opti- 
cal guide and making it function as a mirror, as shown in 

15 Fig. 2(f). 

Further, with the same probe shape as in the 
above, the waveguide portion may be disposed straight 
perpendicularly to a sample surface as shown in Fig. 
2(g)- 

20 In Fig. 2(h), a substrate 2 is formed by etching a 
piezoelectric Y-plate quartz substrate. It is possible to 
vibrate the substrate portion by applying an AC voltage 
to an electrode that is formed on the substrate portion, 
or to electrically detect a variation in oscillation of the 

25 substrate. In the substrate 2, an optical waveguide por- 
tion 8 is formed on the Y-surface of the substrate 2. The 
lever portion 70 can vibrate in the X-axis (crystal axis of 
quartz) direction, i.e., perpendicularly to a sample sur- 
face. In the above embodiments, the X, Y or Z-plate is 

30 not necessarily required to be that type of plate in a 
strict sense; that is, there occurs no problem in practical 
use even if it is somewhat inclined from the crystal axis. 

Next, a detailed description will be made of the opti- 
cal waveguide portion of the optical waveguide probe of 

35 the invention. Fig. 3(a) is a side view of the optical 
waveguide probe of the invention. Fig. 3(b) is a sectional 
view taken along line A-A* in Fig. 3(a), and shows that 
the optical waveguide of the optical waveguide probe of 
the invention is composed of a core 3. a clad 4, and a 

40 light reflection layer 10. Fig. 3(c) is a sectional view 
taken along line B-B' in Fig. 3(a), and shows that the 
sample-side optical waveguide end face portion of the 
optical waveguide probe is substantially made up of the 
core portion and is surrounded by the light reflection 

45 layer. Fig. 3(d) is a sectional view taken along line C-C 
in Fig. 3(a), and shows that a protruded portion close to 
the sample-side optical waveguide end face of the opti- 
cal wavegide probe is constructed such that the central 
core portion is surrounded by the clad portion and the 

so light reflection layer in an concentric manner. Fig. 3(e) is 
a sectional view taken along line D-D' in Fig. 3(a). The 
light reflection layer is made of a metal such as alumi- 
num or gold. Gold is mainly used when the light reflec- 
tion layer also serves as an etching protection film. 

55 Next, an example of the configuration of the optical 
waveguide will be described. Fig. 4 (a) shows a 
waveguide formed by a thin-film deposition method. 
That is, a core layer 12 is deposited after formation of a 
bottom clad layer 1 1 . Then, a pattern is formed by etch- 
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ing and a top clad layer 13 is formed thereon. In this 
case, the core layer and the clad layer are formed by 
sputtering or CVD by using such a material as glass or 
silicon oxide whose refractive index is varied by doping. 
For example, a high-quality silicon oxide film can be 
formed by plasma CVD by using tetraethoxy silane as a 
material. A low-refractive-index layer for the clad layer 
can be obtained by forming a film while introducing a flu- 
orine-type gas such as a carbon fluoride gas. The 
above structure can also be formed by using silicon 
nitride, a polymeric material such as PMMA (polymethyt 
methac-rylate), or an organic thin-film layer. 

In Fig. 4(b), a core layer 15 is formed by ion-doping 
a bottom clad layer 1 4 and a top clad layer 1 6 is formed 
thereon. This structure can be realized by using a glass 
layer, a dielectric crystal, or a semiconductor crystal 
such as gallium arsenide. 

In Fig. 4 (c), a groove is formed in a bottom clad 
layer 17 by etching and a core layer 18 and a top clad 
layer 19 are formed in the groove. In the case of this 
structure, particularly when quartz is used, an electrode 
for effecting piezoelectricity of quartz can also serve as 
a reflection film. 

Next, a description will be made of several varia- 
tions of the optical waveguide probe of the invention. 
Fig. 5 shows an optical waveguide probe having two 
apparatus-side optical waveguide end face portions 5 in 
which both waveguides lead to a sample-side optical 
waveguide end face 6. This optical waveguide probe 
can operate such that light is input from one apparatus- 
side optical waveguide end face portion 5 and light scat- 
tered by a sample surface and re-entering the probe 
through the sample-side optical waveguide end face 6 is 
detected by the other apparatus-side optical waveguide 
end face portion 5. Thus, this probe can be used for 
detecting the scattering characteristic of the sample 
surface. 

Fig. 6 shows an optical waveguide probe having a 
plurality of sample-side optical waveguide end faces 6. 
The substrate is made of lithium niobate. Optical modu- 
lation elements are formed in the waveguide pattern, to 
enable switching of light. Fig. 6(b) is a schematic sec- 
tional view taken along line E-E' in Fig. 6(a). The light 
traveling path can be changed from one waveguide to 
another by applying voltages to electrodes 1 8 formed on 
the waveguides 3. Arrows in the figure indicate crystal 
surface orientations. The optical modulation element 
may be of a type that utilizes a diffraction angle change 
due to the acousto-optical effect in a dielectric crystal or 
quartz. 

Fig. 7(a) shows the configuration of an example of 
an optical waveguide probe in which a semiconductor 
light-emitting element 19 and semiconductor photode- 
tectors 20 and 21 are formed on a substrate. The semi- 
conductor photodetector 20 is to monitor the emission 
output of the semiconductor light-emitting element while 
the semiconductor photodetector 21 is to monitor the 
scattering characteristic of a sample surface. The sub- 
strate is a gallium arsenide substrate and the light -emit- 


ting element is a light-emitting diode. The photodetector 
is a photodiode formed in an amorphous silicon layer 
that is formed on the substrate. The light-emitting ele- 
ment is not limited to the light-emitting diode and may 
5 be a semiconductor laser element. In the optical probe 
having the above structure, the apparatus-side optical 
waveguide end face is located on the light-emitting ele- 
ment. 

Fig. 7(b) shows an example of an optical waveguide 

w probe having a plurality of sample-side waveguide end 
faces. A waveguide formed on a semiconductor light- 
emitting element 19 is branched into waveguides lead- 
ing to respective sample-side waveguide end faces, and 
optical waveguides are also formed so as to extend 

75 from the sample-side waveguide end faces to respec- 
tive semiconductor photodetecting elements 21. 

The structure including a semiconductor light-emit- 
ting element and a semiconductor photodetecting ele- 
ment as shown in Fig. 7 can also be implemented as an 

20 optical waveguide probe having an elastic function in 
the direction perpendicular to a sample surface as 
shown in each of Figs. 2(e), 2(f), and 2(g). 

Next, a description will be made of a method for 
sharpening the tip of the optical waveguide probe of the 

25 invention. 

Fig. 8(a) is a sectional view taken along line F-P in 
Fig. 8(b). A probe is composed of a core 3, a clad 4, a 
light reflection layer 10, an insulating layer 72, an elec- 
trode 71 for a piezoelectric element, and a substrate 2. 

30 In Fig. 8, a sharpening method is shown as a process 
that proceeds from Fig. 8(b) to Fig. 8(d). (1) An end por- 
tion of a substrate 2 is so etched as to leave only a 
waveguide portion. (2) Part of the metal reflection film 
portion of the residual waveguide portion is removed in 

35 a band-like manner (indicated by numeral 22). The 
waveguide is etched in this region as shown by a 
dashed line in Fig. 8(c), to form a sharp tip. (3) Further, 
as shown in Fig. 8(d), reflection film portions 23 are 
again formed by inclined evaporation to form a sample- 

40 side waveguide end face 6. Incidentally, an electrode 
opposed to the electrode 71 for a piezoelectric element 
is not shown in any drawings. 

Fig. 9 shows another sharpening method. In Fig. 
9(a), a core layer 25 whose tip is sharpened in planar 

45 way is formed on a reflection layer 24. As shown in Fig. 
9(b), the tip portion and the top-surface portion of the 
core layer 25 are covered with a protection film 26. The 
side-face portions of the core layer 25 which are so 
shaped as to assume a sharp form are etched to form a 

so core layer 27 which is sharp three-dimensionally as 
shown in Fig. 9(c). Also in this case, a sample-side 
waveguide end face is formed by forming a metal reflec- 
tion film by inclined evaporation. 

Next, an optical system using the above optical 

55 waveguide probe of the invention will be described. 

As shown in Fig. 10, an optical system includes an 
vibrating means 52 for causing an optical waveguide 
probe 1 of the invention to vibrate at a resonance fre- 
quency, a means 52 for detecting, as a variation in elec- 
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trical characteristic, a variation in probe resonance 
characteristic caused by interatomic force acting 
between the tip of the probe and a sample surface 50, 
and a control means 53 for keeping the interval between 
the tip of the probe and the sample surface constant 
based on a detection signal that is output from the 
detecting means. Further equipped with an XYZ scan- 
ning means 54, the optical system enables observation 
of the shape of the sample surface. In the above config- 
uration, the vibrating means is a driving circuit 52 for 
generating an AC drive signal for electrically driving a 
cantilever portion. The detecting means has a function 
of detecting a current variation of the AC drive signal 
caused by action of interatomic force through an elec- 
trode that is provided in the optical waveguide probe, 
and outputting a detection signal for keeping the interval 
between the tip portion of the probe and the sample sur- 
face constant. As shown in Fig. 2, the probe vibrates 
parallel with or perpendicularly to the sample surface. 

In the optical system of the invention, light emitted 
from a light source 61 is introduced to the apparatus- 
side optical waveguide end face 5 of the optical 
waveguide probe 1 via an optical fiber 62, and then 
applied to the sample 50 from the sample-side optical 
waveguide end face 6. Thus, the optical system can 
detect a variation in near-field optical characteristic 
which is associated with XY scanning by a photodetec- 
tor 64 through a lens 63. Incidentally, an optical 
waveguide probe including a light source and a photo- 
detector as shown in Fig. 7 does not need any external 
light source or detector. 

Fig. 1 1 shows another configuration. In this configu- 
ration, the vibrating means is a bimorph 56 for externally 
vibrating a cantilever portion. A detecting means 57 
detects, through an electrode of a piezoelectric material 
of the optical waveguide probe, how charge that is gen- 
erated in the probe as a result of the vibration caused by 
the bimorph varies due to action of interatomic force, 
and outputs a detection signal for keeping the interval 
between the tip portion of the probe and the sample sur- 
face constant. 

Further, the interval between the tip portion of the 
probe and thej sample surface can be made constant 
also by causing the frequency of the excitation signal to 
follow the resonance frequency of the cantilever portion 
by comparing jthe phases of the excitation signal of the 
vibrating means and an electrical signal detected from 
the electrode/of the probe, detecting a variation in reso- 
nance frequency caused by occurrence of interatomic 
force, and performing control so as to keep the reso- 
nance frequency constant based on a resulting detec- 
tion signal. 

Although the above examples of the optical system 
are directed to the case where a sample is scanned by 
use of the XYZ moving mechanism, a moving mecha- 
nism may be provided on the optical waveguide probe 
side or a sample may be made a recording medium and 
rotated. In such cases, a flying-head structure may be 
employed particularly in the optical waveguide probe 


8 

incorporating a light source and a detector as shown in 
Fig. 7. 

The present invention is practiced as in the above 
embodiments and has the following advantages. By 

5 forming the optical waveguide probe having a planar 
optical waveguide, the optical waveguide probe has 
been realized which is small in both optical loss and 
fluctuation. Further, by providing a piezoelectric detec- 
tion mechanism, there has been eliminated the need of 

10 using detection light for position detection. As a result, 
the problems of optical-axis alignment and noise light 
have been solved. 

Claims 

75 

1 . An optical waveguide probe for applying light to or 
detecting light from a sample or medium in close 
proximity comprising: 

20 a substrate portion being oriented perpendicu- 

larly to the sample or medium; and 
an optical waveguide portion having an appara- 
tus-side optical waveguide end face and a 
sample-side optical waveguide end face and 

25 being formed on the substrate portion so as to 

assume a substantially planar form, wherin the 
sample-side optical waveguide end face is 
flush with an end lace of the substrate portion 
or projects therefrom. 

30 

2. An optical waveguide probe according to claim 1 , 
wherein a tip of the sample-side optical waveguide 
end face is sharp. 

35 3. An optical waveguide probe according to claim 1 , 
wherein the substrate portion has an elastic func- 
tion. 

4. An optical waveguide probe according to claim 3, 
40 wherein the elastic function allows the sample-side 

optical waveguide end face to vibrate laterally with a 
sample surface. 

5. An optical waveguide probe according to claim 3, 
45 wherin the elastic function allows the sample-side 

optical waveguide end face to vibrate perpendicu- 
larly to a sample surface. 

6. An optical waveguide probe according to claim 3, 
so wherein the substrate portion has a piezoelectric 

element capable of electrically detecting strain that 
relates to the elastic function. 

7. An optical waveguide probe according to claim 3, 
55 wherein the substrate portion is made of a semi- 
conductor crystal. 

8. An optical waveguide probe according to claim 3, 
wherein the substrate portion is made of a dielectric 
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crystal. 

9. An optical waveguide probe according to claim 6, 
wherein the substrate portion and the piezoelectric 
element are made of quartz. 

10. An optical waveguide probe according to claim 6, 
where in the piezoelectric element are made of zinc 
oxide. 

11. An optical waveguide probe according to claim 6, 
wherein the piezoelectric element are made of PZT. 

12. An optical waveguide probe according to claim 1, 
wherein the optical waveguide portion have a core 
layer and a clad layer. 

13. An optical waveguide probe according to claim 12, 
wherein the clad layer is covered with a light reflec- 
tion layer. 

14. An optical waveguide probe according to claim 12, 
wherein the sample-side optical waveguide end 
face is constituted substantially of a core portion 
and the end face portion is covered with the light 
reflection layer. 

15. An optical waveguide probe according to claim 1, 
wherein two or more apparatus-side optical 
waveguide end faces are provided for one sample- 
side optical waveguide end face. 

16. An optical waveguide probe according to claim 1, 
wherein a plurality of sample-side optical 
waveguide end faces are provided. 

17. An optical waveguide probe according to claim 12, 
wherein the clad layer and the core layer are made 
of silicon oxide, glass, ion- doped silicon oxide, ion- 
doped glass, or silicon nitride. 

18. An optical waveguide probe according to claim 12, 
wherein the clad layer and the core layer are made 
of a semiconductor crystal material and an ion- 
doped semiconductor crystal material. 

19. An optical waveguide probe according to claim 12, 
wherein the clad layer and the core layer are made 
of a polymeric material. 

20. An optical waveguide probe according to claim 12, 
wherein the clad layer and the core layer are made 
of a dielectric crystal material and an ion-doped die- 
lectric crystal material. 

21. An optical waveguide probe according to claim 1, 
wherein a semiconductor light-emitting element is 
provided on the substrate portion. 


22. An optical waveguide probe according to claim 1 , 
wherein a semiconductor photodetecting element is 
provided on the substrate portion. 

5 23. An optical waveguide probe according to claim 1 , 
wherein a grating structure is provided on the sub- 
strate portion. 

24. An optical waveguide probe according to claim 1, 
10 wherein an optical modulation element is provided 

on the substrate portion. 

25. An optical system for observing a surface shape of 
a substance by utilizing interatomic force and appJy- 

15 ing light to or detecting light from the substance, 
comprising: 

an optical waveguide probe for applying light to 
or detecting light from the sample, the optical 
20 wavegide probe having a substrate portion 

being oriented perpendicularly to the sample 
and an optical waveguide portion having an 
apparatus-side optical waveguide end face and 
a sample-side optical waveguide end face and 
25 being formed on the substrate portion so as to 

assume a substantially planar form, wherin the 
sample-side optical waveguide end face is 
flush with an end face of the substrate portion 
or projects therefrom; 
so a piezoelectric element on the optical 

waveguide probe; 

vibrating means for vibrating the piezoelectric 
element to vibrate the optical waveguide probe 
parallel with or perpendicularly to a surface of a 
35 sample at a resonance frequency 

detecting means for detecting a variation in a 
resonance characteristic of the piezoelectric 
element caused by action of the interatomic 
force between a tip of the probe and the sur- 
40 face of the sample; and 

control means for keeping the interval between 
the tip portion of the probe and the surface of 
the sample constant based on a detection sig- 
nal output from the detecting means. 

45 

26. An optical system according to claim 25, wherein 
the vibrating means is a driving circuit for generat- 
ing an AC drive signal for electrically driving the pie- 
zoelectric element, and the detecting means 

so detects a current variation of the AC drive signal 
caused by action of the interatomic force and out- 
puts a signal for keeping the interval between the tip 
portion of the probe and the sample surface con- 
stant. 

55 

27. An optical system according to claim 25, wherein 
the vibrating means is a bimorph for vibrating the 
piezoelectric element, and the detecting means 
detects how the voltage of the piezoelec-tric ele- 
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merit which is generated as a result of its vibration 
caused by the bimorph varies due to the interatomic 
force, and outputs a detection signal for keeping the 
interval between the tip portion of the probe and the 
sample surface constant. s 

28. An optical system according to claim 25, wherein 
the detecting means has means for causing a fre- 
quency of the vibrating signal to follow a resonance 
frequency of the piezoelectric element by compar- 10 
ing phases of the vibrating signal of the vibrating 
means and an electrical signal from the piezoelec- 
tric elemrnt. detects a variation in resonance fre- 
quency caused by action of the interatomic force, 
and outputs a detection signal, and the control is 
means keeps the interval between the tip of the 
probe and the sample surface constant by per form- 
ing control so as to keep the resonance frequency 
of the piezoelectric element constant. 
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